SUMMARY. The growth of five species of Bacteroides in four anaerobic culture media was continuously monitored turbidimetrically. Interspecies differences were observed in the growth of Bacteroides spp. in the various media, but growth in Brain Heart Infusion broth supplemented with yeast extract, haemin and menadione, was consistently better than in Wilkins-Chalgren, Thioglycollate or Schaedler broths.
INTRODUCTION
Various culture media have been described for the growth of anaerobic bacteria but there has been little investigation of the growth characteristics of anaerobic bacteria in the different media since the study of Stalons, Thornsberry and Dowel1 (1974) . These workers concluded that Schaedler broth provided the best growth medium for representative species of anaerobes tested and it was used by Yourassowsky et al. (198 1) in a turbidimetric study of the response of Bacteroides fragilis to p-lactam antibiotics in the Abbott MS-2 device. However, in another study of anaerobes in the MS-2 system, in which eight anaerobic growth media were investigated, Wilkins-Chalgren broth containing 0.07% of agar allowed more consistent growth of anaerobes than Schaedler broth or other media (Murray and Niles, 1982) .
In order to clarify the position further, we have investigated the growth of five species of Bacteroides in four anaerobic culture media by use of a recently described anaerobic growth monitoring device (O'Grady and Eley, 1983) .
MATERIALS AND METHODS
Bacterial strains. Organisms tested were B. fragilis strain NCTC9344, B. ovatus strain ATCC8483, B. thetaiotaomicron strain NCTC10582, B. vulgatus strain NCTC10583 and a clinical isolate of B. distasonis kindly supplied by Dr A.T. Willis, Public Health Laboratory, Luton LU4 ODZ.
Culture media. Schaedler Broth (Oxoid CM497), Brain-Heart Infusion Broth (Oxoid CM225), Wilkins-Chalgren Anaerobe Broth (Oxoid CM643) and Thioglycollate Broth (Oxoid CM173) were prepared according to the manufacturer's instructions. All the media were supplemented with haemin 5 mg/L and menadione 1 mg/L; Brain-Heart Infusion Broth was additionally supplemented with yeast extract 5g/L (BHIS). In certain experiments, as indicated in the text, Schaedler broth was made in the laboratory from the individual ingredients according to the manufacturer's specification, or prepared at double the strength recommended by the manufacturer.
Turbidimetric studies. The media, in 10-ml volumes, were pre-reduced overnight in an anaerobic jar. Each tube was then inoculated with bacteria from an overnight culture in BHIS to achieve an inoculum of c. lo6 bacteria/ml. The tubes were incubated in a continuous recording anaerobic turbidimeter as described elsewhere (O'Grady and Eley, 1983) . The turbidimeter was scaled by use of an uninoculated BHIS to set zero and a fully-grown culture of B. fragilis in BHIS to set full scale, equivalent to 95% of the span of the potentiometer used. The ability of the media to support growth was assessed by measuring (i) the lag phase, judged by the period elapsing from the start of incubation until the opacity of the culture attained a level of 10%; (ii) mean generation time, calculated during exponential growth; (iii) final opacity attained in the turbidimetric system after growth for 22 h.
Microscopy. Morphological changes in bacteria were observed by interference contrast microscopy of untreated samples removed during or at the end of turbidimetric experiments.
RESULTS

Tu r b idime t r ic s t udies
Substantial differences were observed in the growth of the five species of Bacteroides in the various media. B. fragilis grew more quickly than the other species in all the media tested and B. distasonis exhibited the slowest growth ( fig. 1) . The growth characteristics of all five species of Bacteroides in the four test media are summarised in table I, Brain-Heart Infusion Broth, supplemented with yeast extract, haemin and menadione (BHIS) allowed the most rapid and reproducible growth of the test strains. B. fragilis and B. ovatus grew relatively well in all the test media, but B. thetaiotaomicron, B. vulgatus and B. distasonis grew poorly in Schaedler broth and Wilkins-Chalgren broth with mean generation times of 1 h or more. The mean generation time of B. distasonis in BHIS was also in excess of 1 h. The mean generation times, calculated during exponential growth in the turbidimetric system, were confirmed by viable counting and the differences observed among strains were confirped by use of fresh isolates of the various species (data not shown). 
Morphological observations
Microscopy of cultures grown overnight in the various culture media unexpectedly revealed differences in bacterial morphology. In BHIS, all the strains grew as normal short rods about 1-2 pm in length ( fig. 2A) . However, bacteria grown in the other three media exhibited abnormal morphology. Most striking was the appearance in Schaedler broth in which many of the bacterial cells of all the species other than B. ovatus were found to be undergoing transformation into spheroplasts (fig. 2B) ; other cells in the bacterial population were 2-4 times longer than usual. In Thioglycollate broth, slight filamentation of the bacteria was accompanied by a tendency to chain formation ( fig. 2C ). Inter-species variation was observed in Wilkins-Chalgren broth: B. fragilis and B. distasonis exhibited normal morphology, but the majority of cells of other species were 2-4 times longer than normal. The proportion of cells undergoing the various morphological changes in Thioglycollate, Wilkins-Chalgren and Schaedler broths, estimated from microscopical examination of representative fields, is shown in fig. 3 .
GROWTH OF BACTEROIDES IN VARIOUS
Investigation of Schaedler broth
The morphological alterations of B. fragilis in Schaedler broth were investigated further. Removal of samples at various intervals during turbidimetric experiments revealed that most of the bacteria exhibited filamentous morphology during exponential growth (fig. 2D) . The maximum length of the filaments was c. 8 pm. Spheroplast formation commenced as the culture entered the stationary phase and the proportion of spheroplasts continued to increase during the next few hours until about 40% of the bacterial cells exhibited this type of morphology.
Schaedler broth differs from BHIS in many respects (table 11) and an attempt was made to elucidate the properties of Schaedler broth responsible for the development of spheroplasts by use of a medium prepared in the laboratory from the individual ingredients according to the manufacturer's formula. The same morphological alterations were observed in broth prepared in the laboratory as in that prepared from the commercial formulation. Omission of cysteine from Schaedler broth, or addition of cysteine to BHIS had no effect on the morphology of B. fragilis in either medium. Doubling of the glucose concentration of Schaedler broth, omission of Tris or preparation of Schaedler broth with proteose peptone, rather than special peptone did not prevent spheroplast formation. The effect ofpH was also examined, but no marked differences were found, either in the startingpH (Schaedler brothpH 7.6; BHISpH 7.4) or in the pH of stationary phase cultures (Schaedler broth pH 5.0; BHIS pH 5.3).
However, the spheroplast effect could be abolished by use of Schaedler broth prepared at double the strength recommended by the manufacturer. In double strength Schaedler broth the morphology of the bacterial cells appeared completely normal. The tendency to form spheroplasts was also markedly reduced when NaCl5 g/L was added to normal strength Schaedler broth. One effect of this addition was to raise the osmolality of Schaedler broth from 198 mOsm/kg to 362 mOsm/kg, a level similar to that of BHIS (345 mOsm/kg). However, when B. fragilis was grown in half strength BHIS (osmolality 184 mOsm/kg) the bacteria retained normal morphology.
DISCUSSION
All the media tested supported the growth of members of the B. fragilis group, but the most rapid and reproducible growth was obtained in Brain-Heart Infusion broth supplemented with yeast extract, haemin and menadione. These findings contrast with those of Stalons et al. (1974) and Murray and Niles (1982) who found Brain-Heart Infusion broth inferior to other anaerobic growth media. The explanation for this discrepancy may lie in our inclusion of yeast extract in Brain-Heart Infusion broth, a supplement recommended by Holdeman, Cat0 and Moore (1977) .
Unexpectedly, the differential growth characteristics of Bacteroides spp. in various media were found to be accompanied by alterations in bacterial morphology. Of the media tested, only BHIS supported growth of bacteria that appeared morphologically (Simpson et al, 1982) . However, since spheroplast formation was much reduced by addition of NaCl to the medium, we suspect that the effect is associated with the ionic content of the medium rather than the low osmolality because half-strength BHIS supported the growth of bacteria of normal morphology .
The failure of culture media to support growth of bacteria in a morphologically normal form is obviously an undesirable property in any bacteriological study. In investigations involving P-lactam antibiotics, which themselves induce morphological changes, including filamentation and spheroplast formation, in anaerobes (Eley and Greenwood, 198 1 and 1984) such properties are particularly undesirable.
On the basis of the present results we would recommend Brain-Heart Infusion broth, supplemented with yeast extract, haemin and menadione, for growth studies of Bacteroides spp. Good growth of morphologically normal bacteria was also obtained in double-strength Schaedler broth but growth in this medium was not as rapid as in BHIS and the double-strength formulation causes the medium to be rather dark for turbidimetric studies. The presence of cysteine in Schaedler broth also makes it inappropriate for studies of antibiotic action, especially of imipenem which it rapidly inactivates (Kahan et al., 1979) .
